We reviewed medical records and laboratory and diagnostic evaluations for 8 pediatric patients with spinal epidural abscesses who were treated during the last 15 years at our institution. Staphylococcus aureus was isolated from 5 of 8 epidural abscesses, including 2 abscesses with methicillin-resistant S. aureus. Unusual isolates were group B Streptococcus in a patient with chronic vesicouretral reflux associated with the posterior urethral valves and Aspergillus flavus in a patient with acute myelogenous leukemia. An analysis incorporating our results and a review of the English-language literature about abscesses in children and adults revealed differences related to age. Abscesses in children were more posterior in epidural location, had greater spinal column extension, and were associated with more favorable clinical outcomes than were abscesses in adults. Magnetic resonance imaging is the diagnostic procedure of choice; however, radionuclide bone scans should be considered for associated distant osteomyelitis in children. Prompt diagnosis and combined medical and surgical treatment remain the cornerstones for the prevention of adverse outcomes.
Spinal epidural abscesses are considered infectious emergencies warranting both medical and surgical management [1, 2] . Contemporary case series of spinal epidural abscesses in adults are frequently reported in the literature [3] [4] [5] [6] [7] [8] , whereas those for spinal epidural abscesses in children are rare and focus on diagnoses before the 1980s [2] . On the basis of age-related anatomical differences demonstrated by spinal imaging [9] [10] [11] , spinal epidural abscesses in children may be pathophysiologic processes distinct from abscesses in adults. In addition, changes in medical therapy and diagnostic modalities within the past 2 decades may have altered the presentation, evaluation, and treatment of spinal epidural abscesses in children.
We describe the clinical manifestations, laboratory and imaging evaluations, and treatment outcomes for 8 children with spinal epidural abscesses treated during the last 15 years at our institution. We also compare our results with those of previously published studies about adult and pediatric cases of spinal epidural abscesses in order to discern age-related differences among such abscesses.
PATIENTS AND METHODS
We identified pediatric patients (aged !18 years) with spinal epidural abscesses admitted to Rainbow Babies and Children's Hospital, Cleveland, Ohio, from 31 July 1984 to 1 August 1999. The total number of hospitalizations of children during this time was 132,430. Medical records and associated laboratory and diagnostic images were retrospectively reviewed. Demographic characteristics, clinical and laboratory features, surgical and medical treatments, and outcomes were recorded for all patients.
A review of the contemporary (post-1980) Englishlanguage literature on nontuberculous spinal epidural abscesses was performed in order to obtain represen- tative studies for data comparison with the current study. To be included in the study, studies of adults had to have у40 patients aged у18 years with diagnoses made after 1980 and enough available information for comparison. The exclusion criterion was inseparable data (i.e., pediatric vs. adult patient populations and pre-1980 vs. post-1980 diagnoses). Two representative studies of adults from the neurosurgical [3] and medical [4] literature were selected. In contrast to the literature on adults, contemporary literature about pediatric patients with spinal epidural abscesses is mostly based on case reports [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] , with the exception of 2 small case series comprising 6 patients [12, 24] . A compilation of data from this literature and results from our case series were used as comparisons with the selected adult studies.
RESULTS
Eight cases of spinal epidural abscesses in children (incidence, 0.60 per 10,000 hospital admissions) were identified. The clinical features, laboratory testing and results, treatments, and outcomes of these 8 patients are summarized intable 1. The average age of the 6 boys and 2 girls was 9.3 years (range, 14 months to 16.5 years). Three patients had medical conditions, surgical conditions, or both that predisposed them to infection.
The majority of patients presented with fever and back pain, and 4 patients also had trouble walking. Two patients had documented neurologic deficits before treatment. Only 3 children had an elevated WBC count (mean, 13,900 cells/mL). However, many children had thrombocytosis (mean, 439,000 platelets/ mL) and elevated Westergren erythrocyte sedimentation rates (mean, 58.6 mm/h) and C-reactive protein (CRP) levels (mean, 6.5 mg/L). Three patients had identical organisms isolated from cultures of both blood and intraoperative specimens. All patients' spines were analyzed with MRI enhanced with gadolinium. MRI failed to reveal osteomyelitis in 2 patients: 1 boy with lumbar vertebral osteomyelitis distant from an extensive cervical-thoracic abscess and another boy with right humeral osteomyelitis distant from a lumbosacral abscess. Both MRIs were limited to each patient's spine. Technetium-99m ( 99 Tc) scans of bone confirmed the osteomyelitis seen in 3 MRIs and revealed distant osteomyelitis in the 2 previously described patients. Radiographs of the spine were the least sensitive imaging modality; only 2 of 5 radiographs had positive findings (i.e., showed narrowing of the disc space).
Most abscesses were at the thoracic or lumbar level and located circumferentially. The average vertebral extension was 5.4 (range, 5-12 vertebral bodies). Four abscesses mildly compressed the thecal sac. In the 2 patients who had abscesses with moderate thecal impingement, neurologic deficit was noted. Only 1 spinal epidural abscess was not associated with a paraspinal or psoas abscess.
Staphylococcus aureus was the predominant abscess pathogen; methicillin-resistant S. aureus (MRSA) was isolated in 2 cases. Broth microdilution MIC data for the 2 MRSA isolates were as follows: for a 14-year-old boy: oxacillin, 2 mg/mL; clindamycin, !0.5 mg/mL; and rifampin, unavailable; for a 14-monthold boy: oxacillin, 14 mg/mL; clindamycin, 12 mg/mL; and rifampin, !1 mg/mL. Aspergillus flavus and group B Streptococcus (GBS) were isolated from a patient with acute myelogenous leukemia and a patient with chronic vesicouretral reflux associated with the posterior urethral valves (CVR-PUV), respectively.
Six patients underwent surgical evacuation of an abscess (4 posterior approaches and 2 anterior approaches). Two patients were treated without surgery: 1 girl received medical therapy after computed tomography-guided abscess drainage, and 1 boy was treated with medical management alone. All patients received prolonged iv antimicrobial therapy (mean, 6 weeks), with most receiving concomitant physical therapy.
No pediatric patient with a spinal epidural abscess died. However, 2 patients had mild neurologic sequelae attributed to their spinal abscesses 2 weeks after treatment (table 1) . Additional follow-up information for these 2 patients was not available.
Information from the contemporary literature on spinal epidural abscesses in children is summarized in table 2. The 26 patients (mean age, 7.6 years; range, 5 weeks to 17 years) were mostly boys without underlying illnesses. Many abscesses were at the lumbar level and were located posteriorly. Methicillinsensitive S. aureus was the predominant pathogen. Six patients had associated vertebral osteomyelitis, and 3 patients had distant sites of osteomyelitis [13, 16, 24] . Only 3 patients had adverse outcomes attributed to their abscesses. [4] studies performed on adults, from our case series, and from the literature on the pediatric population that we reviewed. Similarities between adult occurrence of abscesses and spinal epidural abscesses were as follows: infrequent occurrence, prolonged symptoms before diagnosis, hematogenous spread, lumbar-level abscesses, high diagnostic sensitivity of MRI, and combined medical and surgical treatment. Also, S. aureus was the predominant abscess pathogen (data not shown).
Several differences were notable between age-group spinal abscesses. First, predisposing conditions occurred more frequently with abscesses in adults. Second, adults had less extensive abscesses than children had. Also, spinal cord abscesses in adults were predominantly more anterior within the spinal canal. Last, children with spinal epidural abscesses had more favorable morbidity and mortality outcomes than did adults.
DISCUSSION
Our case series and literature review have revealed previously undescribed age-based differences between spinal epidural abscesses in children and in adults. These differences are distinguished below according to disease characteristic.
Epidemiology. Spinal epidural abscesses are rare events in both adults and children (table 3) . Recent studies of adults have noted higher incidences of spinal epidural abscesses attributable to increased iv drug abuse, more frequent performance of surgical spinal procedures, and more elderly people having predisposing medical conditions [3-5, 7, 8] . In contrast to adults, only one-third of pediatric patients had underlying diseases (3 of the 8 patients we studied did). The immunocompromised states of sickle cell anemia and leukemia (found in 2 of our 3 patients with underlying conditions), and their associated organisms, are well described in the literature [18, 31, 32] .
Pathophysiology. Microbial pathogens are usually transported hematogenously or by direct extension into the spinal epidural space with later formation of abscess [1, [33] [34] [35] . The epidural space is wider in the lower thoracic and lumbar regions of the spine, where the spinal cord is narrower. This space is not uniform in its form or contents but rather divided into septated segments with differing amounts of adipose and vascular tissue. These septa are thought to be responsible for both limiting infectious extension and preventing communication between the anterior and the posterior epidural space [1] .
Maturation of the epidural space and spinal vasculature may predispose children to extensive posterior epidural abscesses. First, children have more posterior and less segmented epidural fat than adults do [9] . Second, vertebral vasculature changes with age [10] , which may affect perfusion and hematogenous spread of pathogens to the epidural space. MRI scans of spinal bone marrow show such changes in vascularity, demonstrating variable vertebral signal intensities related to changes in bone marrow due to age [11] . Taken together, these anatomical observations are partial explanations for the age-related differences in abscess formation; research addressing this issue has been both sparse and controversial [36] .
A complementary explanation for the observed differences may be related to modern MRI. Because of its exquisite ability to discriminate different disease processes throughout the spine [37] [38] [39] , MRI may reveal abscess characteristics not previously appreciated by use of older imaging modalities.
Microbiology. The predominant pathogen in spinal epidural abscesses is S. aureus [1, 35] . Our case series and review of the literature confirmed its role in abscesses in both children and adults [2] [3] [4] [5] [6] [7] [8] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . The emergence of methicillin resistance in this organism is increasingly important [40] . In the few studies describing its role in spinal abscesses, 15%-18% of all isolates were MRSA [7, 8] . Community-acquired MRSA has been recognized in the pediatric population [41] [42] [43] . In our case series, 2 patients had community-acquired MRSA. Interestingly, 1 isolate was susceptible to clindamycin, but combination vancomycin and rifampin therapy was administered. In their review of 111 MRSA isolates, Frank et al. [44] not only found a significant correlation between community-acquired MRSA and clindamycin susceptibility, but also an inappropriate use of vancomycin to treat 9 patients infected with clindamycinsensitive MRSA.
Two patients had unusual abscess isolates. An 8-year-old boy with CVR-PUV and recurrent urinary tract infections had GBS isolated from a thoracic abscess. GBS was not isolated from cultures of urine or blood specimens obtained at the same time.
GBS, which normally causes disease in neonates or immunocompromised adults [45, 46] , can be a pathogen in spinal abscess in adults [47] with an incidence of 4%-7% [4, 6] . To our knowledge, this is the first reported case of GBS causing a spinal epidural abscess in a child.
The other patient was a 15.5-year-old girl who had acute myelogenous leukemia and an A. flavus thoracic abscess. Although this patient was not neutropenic, she had concomitant pulmonary Aspergillus. In one case report and literature review on Aspergillus spinal epidural abscess, 3 patients also had preexisting aspergilloma, all eventually succumbing to disseminated disease [48] . Our patient remains free of disease, both from her leukemia and her aspergillosis.
Evaluation. Studies on adult and pediatric patient populations have noted increases in the WBC count and erythrocyte sedimentation rate (ESR) in patients with spinal epidural abscesses. Five patients in our case series had both CRP levels and ESR measured. Four of 5 had elevations in both ESR and CRP levels, but CRP levels responded faster to therapeutic interventions than did ESRs [49, 50] . Like CRP, platelets play key roles in host defenses against infection [51] and may explain the thrombocytosis seen in the patients we studied.
As previously mentioned, MRI remains the diagnostic modality of choice for spinal epidural abscesses. However, 2 of the patients we studied and 2 children described in the literature had distant sites of osteomyelitis that would have been missed if only MRI scans of the spine had been performed. 99 Tc scans of bone confirmed the distant osteomyelitis in the patients in our study. Because of the possibility of distant bone disease and the anatomic field limitations of MRI, bone scans seem warranted in the evaluation of abscess-associated osteomyelitis [52] .
Treatment. The standard management for spinal epidural abscesses is antibiotic therapy and surgical drainage [1, 33] . However, sporadic cases of medically treated spinal abscesses have prompted studies reviewing the efficacy of conservative management [53, 54] . Candidates for such medical management include patients without neurological deficit or with complete deficit for 13 days, patients with extensive abscesses, or patients who are high surgical risks [53] . Regardless of such proposed treatment criteria, the possibility of neurologic deterioration while on appropriate antibiotics is real [3] . One patient in our case series did not undergo abscess evacuation secondary to extensive disease. Because abscess evacuation would have required multiple laminectomies and his neurologic status was intact, the 14-month-old child was treated medically. His MRSA abscess resolved with 6 weeks of treatment with vancomycin and rifampin.
The tenets behind successful antimicrobial therapy are adequate killing power and drug concentration [55, 56] . In our study, the average duration of antistaphylococcal therapy was 6 weeks and was usually determined by a combination of clinical (i.e., improved pain, function, or both), laboratory (i.e., normalized ESRs, CRP levels, or both) and radiographic improvement (i.e., resolved epidural fluid collection, osteomyelitis, or both). The 2 patients with MRSA, one with associated osteomyelitis and the other without, fully recovered with rifampin and vancomycin therapy [57, 58] .
Outcome. The main determinant of outcome for patients with spinal epidural abscess is neurologic status at the time of diagnosis [1, 2] . Mortality rates for adults, which range from 5% to 23% in contemporary studies [3] [4] [5] [6] [7] [8] , remain high despite advances in diagnosis and treatment. Like morbidity rates, mortality rates probably reflect the delay in diagnosis and subsequent treatment that often accompanies this disease.
Compared with pediatric patients, adult patients have worse outcomes, which may be due to the higher incidence of predisposing conditions in this age group (table 3). In our case series and literature review, no pediatric patient died from their abscess, and adverse neurologic sequelae occurred in only 6 (18%) of 34 children.
Some studies of adults have studied clinical grading systems of pretreatment risk factors that predict outcome, whereas others have noted abscess characteristics conferring poorer prognosis [5, 7, 59] . In a study of 75 cases of spinal epidural abscesses in adults, Rigamonti et al. [7] noted worse outcomes in patients with multiple medical problems, previous spinal surgery, severe neurologic deficit on presentation, and MRSA isolated from an abscess. In comparison, our 2 patients with MRSA-associated abscesses had favorable outcomes.
Limitations. Our study's main shortcoming is its dependence on complete and valid documentation from medical records. Another restriction involves data collection from published studies. The modern literature for spinal epidural abscesses in children contains case reports that are inherently skewed representations of an already rare disease. Thus meaningful comparisons and generalizations are limited, especially in the presence of incomplete or inextricable study data.
CONCLUSIONS
Spinal epidural abscesses in children, although rare events, require immediate diagnosis and treatment to prevent morbidity and mortality. S. aureus remains the most frequent cause of spinal epidural abscesses in children; however, the role of MRSA is increasing, especially in children who have not been previously hospitalized. Therefore, patients in areas with community-acquired MRSA should receive vancomycin as part of the empiric regimen for suspected spinal epidural abscess. The presence of unusual organisms in patients with underlying medical illnesses underscores the importance of rapid abscess aspiration or drainage to guide medical therapy. Although selected patients may be successfully treated with antibiotics alone, combined surgical drainage and prolonged antibiotic therapy remain the ideal treatment for spinal epidural abscesses in children.
